Primary cilia are important sites of signal transduction involved in a wide range of developmental functions. Here, we report an essential role of primary cilia in forebrain development. Standard genetic mapping and complementation analysis identified the ENU-generated mouse mutant cobblestone (cbs) as defective in the gene Ift88 (Intraflagellar transport, 88-kDa), whose product is crucial for the maintenance of primary cilia. Northern and Western blot analysis showed a 70-80% decrease in levels of Ift88 mRNA and protein, indicating a hypomorphic allele. cbs/cbs mutants exhibited severe defects in the formation of the dorsomedial telencephalon, characterized by evaginations of the ventricular zone that led to rosette-like neuronal heterotopias at the pial surface. In situ hybridization analysis indicated the formation of dorsal telencephalic structures such as choroid plexus, cortical hem, and hippocampal anlage, but the morphology of these structures was severely disturbed. Ift88 was found by in situ hybridization to be necessary for the formation and/or maintenance of normal compartmental boundaries along both dorsal-ventral and rostral-caudal axes. In addition, initial stages of cortical layer formation and nerve outgrowth in both fore-and midbrain were disturbed in later-stage embryos. We show that proteolytic processing of the transcription factor Gli3 is reduced, leading to an accumulation of the full-length activator isoform. This correlates with a disregulation of Sonic hedgehog signalling both in vivo and in vitro. Interestingly, the ultrastructure and morphology of ventricular cilia in cbs/cbs mutants remains intact. Together, these results indicate a critical role for ciliary function in many aspects of the developing forebrain. 
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